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Introduction:  Posterolateral  rotatory  instability  is  the  most  frequent  form  of  elbow  instability.  This  clinical
entity, described  by O’Driscoll  et al. in 1991,  concerns  young  subjects  following  elbow  trauma.  Diagnosis
is  founded  on  symptomatology  and  positive  posterolateral  rotatory  instability  test.  Treatment  is based  on
reconstruction  of the  ulnar  bundle  of the lateral  collateral  ligament.  The  present  study  assessed  medium-
term  clinical  and  radiological  results  in  lateral  ligamentoplasty  for posterolateral  elbow  instability.
Materials  and methods:  A retrospective  continuous  single-center  series  included  19 cases:  11  male,  8
female,  operated  on between  1995  and 2010;  mean  age  was 37.8  years  (range, 20–63 years).  Surgery
consisted  in lateral ulnar  collateral  ligament  reconstruction  by autologous  palmaris  longus  tendon  graft
following  Nestor  et  al. (1992).
Results:  Eighteen  patients  were  assessed  at a mean  61  months’  follow-up.  Mean  time  off  work  was 3.2
months  (range,  2–7 months);  all  patients  returned  to  work.  No revision  surgery  was  required.  Mean
range  of  motion  in ﬂexion,  extension,  pronation  and  supination  was  respectively  135◦, 8◦,  84◦ and  76◦.
Instability  test  was  systematically  negative  at follow-up.  Mean  Mayo  Clinic  and  Quick-DASH  scores  were
respectively  90 (range,  60–100)  and  21  (range,  0–63).  All patients  were  satisﬁed  or very  satisﬁed  with
their  result.
Conclusion:  Lateral  ulnar  collateral  ligament  reconstruction  by autologous  palmaris  longus  tendon  graft
provided  reliable  and  lasting  results.  We  consider  it to be the  reference  treatment  for chronic  instability,
and  sometimes  in acute  post-traumatic  instability.
Level of evidence:  IV.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Instability is infrequent in the elbow, which is more at risk of
tiffness [1]. Posterolateral rotatory instability (PLRI) is the most
ommon form [2–5], often affecting young subjects following dis-
ocation or fracture-dislocation, but also occurring after trauma
ithout associated dislocation or fracture or after surgery to the
ateral side of the elbow [2,3,6].
The pathophysiology and semiology of PLRI were described in991 [2]. It results from lateral collateral ligament (LCL) complex
ailure, mainly implicating the ulnar bundle [2]. Depending on the
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877-0568/© 2015 Elsevier Masson SAS. All rights reserved.extent of capsule-ligamentous lesion, PLRI ranges from simple pos-
terolateral subluxation to recurrent elbow dislocation [4].
PLRI induces lateral elbow pain, sometimes associated with snap
or blockage sensations or subluxation. Symptoms appear with the
elbow in slight ﬂexion, and especially when leaning on the hand
with the forearm in supination [6]. Range of motion is often con-
served, although a moderate extension deﬁcit is found in 30% of
cases [3]. Grip is usually greatly impaired in comparison with the
contralateral side.
Diagnosis is founded on positive lateral pivot-shift or PLRI
test, which is the most sensitive test [2,4]. Subluxation is uncom-
mon  in an awake subject, but the test induces apprehension. In
anesthetized subjects in 30◦ or 40◦ ﬂexion, the test reproduces
posterolateral subluxation of the proximal radio-ulnar complex.
Increased elbow ﬂexion reduces the subluxation, with a pathog-
nomic snap sensation [2,3]. Screening for posterior drawer may
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lso be contributive, inducing posterior subluxation of the radial
ead [4,6].
Treatment consists in LCL repair or reconstruction by tendon
lasty [3–6]. Several series demonstrated that reconstruction pro-
ides better results than repair in chronic forms, and also in recent
ases if the LCL structure is attenuated [6]. Nestor et al. described
 ligamentoplasty that aimed to restore the ulnar bundle with an
utologous graft from the palmaris longus tendon, when present
3].
We have used this technique since 1995. The present study
ought to assess medium-term clinical and radiological results in
ecent or chronic PLRI.
. Patients and methods
A single-center retrospective study included 19 consecutive
ases operated on between 1995 and 2010 for symptomatic PLRI
Table 1): 8 female, 11 male; mean age at surgery, 37.8 years (range,
0–63 years). The right elbow was involved in 6 cases and the left
n 13; the dominant side was involved in 7 cases (37%). There were
1 manual workers, 7 sedentary workers, and 1 retired patient.
Etiology was in all cases post-traumatic: recent in 3 cases and
hronic in 16. Two of the 3 acute cases (patients 12 and 14) pre-
ented dislocation associated with type-1 coronoid process fracture
ith severe post-reduction instability; the 3rd case (patient 13)
resented an open terrible triad injury with post-reduction sub-
uxation; trauma-to-surgery intervals were 5, 8 and 14 days (mean,
 days). Primary lesions underlying chronic instability comprised:
 dislocations, 2 with associated radial head fracture; 2 Mason
 radial head fractures; and 6 elbow traumas without radiologic
esion (patients 1, 2, 4, 11, 15 and 19); in 2 cases, patients had not
onsulted for the initial trauma (patients 6 and 8).
All patients had lateral elbow pain. Ten also reported sensations
f snap or blockage. Two had proven recurrent dislocation (patients and 7). Pivot-shift test was systematically positive, inducing
otable apprehension. Preoperative arthro-CT was performed in 8
ases, and found posterior subluxation or lateral capsular pocket in
 cases and coronoid process fracture sequelae in 3 cases. MRI  was
able 1
ain series data.
Population Initial lesions and their treatment Main
Case Gender Age (years) Injury Initial treatment FU (m
1 M 33 Elbow trauma Functional 63 
2  M 35 Elbow trauma Functional 14 
3  F 53 Dislocation + RHF
(Mason 2)
RH synthesis + LCL
suture
66 
4  F 46 Elbow trauma Functional 48 
5  M 27 Dislocation Orthopedic 64 
6  M 31 Elbow trauma None 130 
7  F 35 Dislocation Orthopedic 145 
8  M 44 Elbow trauma None 12 
9  M 40 Dislocation + RHF RH synthesis 126 
10  M 45 RHF (Mason 3) RHP 77 
11  F 27 Elbow trauma Functional 62 
12  F 43 Dislocation + CPF Reduction 85 
13  M 47 Terrible triad Reduction 28 
14  M 63 Dislocation + CPF Reduction 12 
15  F 36 Elbow trauma Functional 60 
16  F 28 Dislocation
(multiple trauma)
Orthopedic 36 
17  F 28 RHF (Mason 3) RHP 38 
18  M 20 Dislocation Orthopedic 34 
19  M 37 Elbow trauma Functional – 
U: follow-up; E: extension; F: ﬂexion; P: pronation; S: supination; RH: radial head; RHF: r
HP:  radial head prosthesis.Fig. 1. Diagram of the ligamentoplasty technique used in the series [3].
performed in 3 cases but was non-contributive. The mean inter-
val between trauma and ligament reconstruction was 17 months
(range, 5–29 months).
Preoperative pivot-shift test under anesthesia was system-
atically positive, with clear snap and/or posterior subluxation
of the radial head. The LCL and the ulnar bundle in particular
were explored on a Kocher approach and proved systematically
irreparable. The technique used (Fig. 1) was  that described by
Nestor et al. [3]. The palmaris longus was present in 18 cases and
was used for grafting; in the remaining case (patient 7), part of
the triceps tendon was used. Postoperative immobilization used a
brachiopalmar splint, in 90◦ ﬂexion and pronation, for 3 weeks.
Rehabilitation was then initiated, avoiding complete supination
and extension; between sessions, the elbow was immobilized in
a posterior splint in neutral pronation-supination. After 6 weeks,
the splint was removed and complete mobilization was allowed. A
mean 15 rehabilitation sessions (range, 10–30) were performed.
 subjective and objective results






0–130; 85–80 23 90 S
0–140; 70–90 41 85 VS
20–140; 85–70 27 85 S
10–140; 85–70 30 80 S
0–140; 85–90 0 100 VS
5–140; 85–70 13 100 S
0–140; 85–90 0 93 VS
0–140; 85–80 38 100 S
0–140; 85–80 36 85 VS
20–130; 85–80 18 66 S
0–130; 85–70 6 100 VS
10–140; 85–80 0 100 VS
20–110; 85–45 50 60 S
20–130; 85–50 2 100 VS
10–130; 80–70 25 90 S
10–140; 85–70 63 84 S
10–135; 85–90 11 100 VS
0–140; 85–90 3 100 VS
– – – –
adial head fracture; CPF: coronoid process fracture; LCL: lateral collateral ligament;
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Patients were assessed by an independent examiner, with a
isual analog scale (VAS) for pain, quantiﬁcation of any analgesics,
nd presence of sensations of snap or subjective blockage. The
ivot-shift test was performed, ranges of motion were measured,
nd the Mayo Clinic performance score was assessed. Subjective
ssessment comprised: satisfaction, ability to lift weights greater
han 10 kg, and upper-limb assessment on Quick-DASH [7]. Radio-
ogic analysis comprised AP and lateral views centered on the
lbow, analyzing the status of the three joints in terms of arthritic
egeneration and radial head centering with respect to the capitu-
um.
. Results
Fourteen of the 19 patients were followed up clinically; 3 were
ontacted by telephone and ﬁlled out questionnaires sent by mail;
 was lost to follow-up, and 1 died. The deceased patient was
ncluded in the series, as she had had clinical and radiological
xamination at 48 months’ follow-up. Sixteen patients had full
adiological assessment. Assessment was performed at a mean 61
onths’ follow-up (range, 12–145 months).
There were no intra- or postoperative complications and no
eed for any reoperation. Mean time off work was  3.2 months
range, 2–7months). All patients returned to their previous activity
ithout change of jobs.
At last follow-up, none of the 18 patients experienced a sensa-
ion of instability. Pivot-shift test was negative in all 15 patients
xamined. Objective clinical results and subjective functional
cores are shown in Table 1. Mean ranges of ﬂexion, extension,
ronation and supination were respectively 135◦, 8◦, 84◦ and 76◦.
ean Quick-DASH score was 21 (range, 0–63), and the occupa-
ional and sports subscores were respectively 18 (range, 0–56) and
2 (range, 0–43.75). Mean Mayo Clinic performance score was 89.9
range, 60–100), with good or excellent results in 15 out of 18 cases.
ll patients were very satisﬁed (9 cases) or satisﬁed (9 cases) with
heir result.
Pain and force were assessed in 17 patients. Mean VAS at follow-
p was 2.6 (range, 0–5); 10 patients were free of pain, 5 reported
nly climate-related pain and 2 were taking occasional step-1 anal-
esics (less than once a week). Thirteen (76%) were able to lift
 10 kg weights; a sensation of moderately impaired force was  fre-
uent.
In the 16 patients with radiological assessment, the radial head
as systematically centered with respect to the capitulum. In 13
ases, there was no arthritic lesion or other abnormality. In 1 case
patient 8), there were incipient humeroradial chondral lesions;
n 1 case (patient 17), there was partial ossiﬁcation of the neo-
igament; and in 1 case (patient 14), there was humero-ulnar
steoarthritis, secondary to an olecranon fracture sustained 16
ears previously. None of these 3 patients were in pain.
. Discussion
Ligamentoplasty of the ulnar bundle of the LCL using the pal-
aris longus tendon provided reliable and lasting results in PLRI.
espite a follow-up of 5 years, there were no recurrences of insta-
ility in the present series. PLRI probably results from overall LCL
ailure [8], but reconstruction of just the ulnar bundle is effective
n stabilizing the elbow. Force is, however, not fully restored, and
here is a mean 15◦ supination deﬁcit. Only Kim et al., in a series
f acute cases, reported range of motion in pronation-supination
nd, as in the present series, found a mean supination of 74◦ [9].
he patient should be informed of this ahead of surgery. Some series
eported an incidence of up to 28% for residual pain [10], in contrastFig. 2. Stage 2 posterolateral instability. Clear dorsal humeroradial dislocation, but
with the coronoid process perched on the trochlea.
to only 2 cases (11%) in the present series, where it was episodic
and not considered to be a limitation.
Osborne and Cotterill stressed the implication of lateral lesions
in recurrent dislocation [11]. They are rare: a 1981 review of the lit-
erature by Malwaki found only 64 cases published in 100 years [12].
They represent the most severe stage of PLRI. PLRI was  described
by O’Driscoll et al., who analyzed the mechanism and described the
clinical presentation [2]. It results from LCL deﬁciency or avulsion,
particularly of the ulnar bundle. The ulnar bundle is the main lateral
stabilizer of the elbow, countering lateral rotation of the ulna with
respect to the humeral trochlea [13]; lesions allow rotatory sub-
luxation of the humero-ulnar joint, which simultaneously induces
radiohumeral subluxation. The annular ligament is intact, and there
is no proximal radio-ulnar dissociation [2]. Displacement is graded
in 3 stages: in stage 1, there is simple posterolateral subluxation; is
stage 2, dislocation is incomplete, with the coronoid process still in
contact with the trochlea (Fig. 2); in stage 3, dislocation is complete
[4]. In contrast to the report by Lin et al. [14], in the present series
results in recurrent dislocation were not poorer than in less severe
instability.
PLRI may  occur without associated history of dislocation [3,6].
Age in the present series was  comparable to the literature data, but
trauma with no evident lesion was implicated as often as dislo-
cation. Moreover, PLRI may  occur following lateral surgery to the
elbow [3] and it cannot be ruled out that the two  cases involving
radial head prosthesis in the present series were, at least partially,
iatrogenic. LCL conservation or repair should be a constant concern
in surgical management of these fractures. The role of the LCL is also
fundamental for stabilization of acute lesions, and of terrible triad
injury in particular: if the LCL cannot be repaired, ligamentoplasty
is mandatory [6,9,15].
Since the work by O’Driscoll et al., PLRI has been more frequently
diagnosed and treated. Anakwenze et al., in an analysis of the lit-
erature, retrieved 8 publications in the last two decades, with a
total 130 cases operated on [16]. The mean recurrence rate was
8% [16], but is higher in simple LCL repair than in tendon graft
reconstruction [6]. The present results conﬁrm the ﬁnding that
ligamentoplasty provides reliable results.
The palmaris longus muscle tendon is the most widely used graft
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ther options are: part of the triceps tendon [6,10,17], semitendi-
osus [6,18], gracilis [5,14], Achilles tendon, and plantar tendon [6].
iomechanical studies show that the palmaris longus tendon has
ufﬁcient resistance [19]. It also has the advantage of lying within
he operative ﬁeld and can be harvested under locoregional anes-
hesia. The present results show that it provides lasting control in
LRI. When it is not available, part of the triceps tendon can be used,
ut harvesting may  lead to a slight loss of force in extension [10].
Proximal ﬁxation has been described using a blind tunnel, as in
he “docking” technique described for medial collateral ligament
lasty [20]; however, the authors reported 2 cases of residual insta-
ility out of 8. Olsen et al., using a different ligamentoplasty with
riceps tendon graft, reported positive pivot-shift test in 22% of
ases, with 1 failure [10]. The present results favor the princeps
echnique described by Nestor et al. [3] and we prefer to continue
ith traditional open tunnels, to optimize adjustment and tension-
ng.
The present study involves several limitations. It was retro-
pective, with a small series. Preoperative range of motion and
unctional scores were lacking, so that objective gain by end of
ollow-up could not be judged. Moreover, grip force was not pre-
isely measured. Even so, this is one of the largest ligamentoplasty
eries in the literature, with long follow-up (5 years) and only 1 loss
o follow-up. The surgical technique and tendon graft were always
dentical, except in 1 case in which the palmaris longus muscle was
acking.
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